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ABSTRACT: In this paper we address the effect of a magnetic field on peristaltic transpot of Bingham plastic fluid in a 

symmetric channel, and convective conditions of heat.  Space dependent viscosity, Novel Soret and Dufour effects are taken 

into consideration. The formulation of the problem is presented through, the lubrication approach is used Impact of variables 

reflecting the features of wall properties, Biot numbers, Hartman number, Bingham number, Brinkman number, Schmidt 

number, Soret and Dufour numbers on the velocity, heat transformation, and concentration coefficient are mentioned. In 

addition, the trapping phenomenon is analyzed. 
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1. INTRODUCTION: 

Peristaltic transport is a form of material transport induced by 

a progressive wave of contraction expansion along the length 

of distensible tube mixing and transporting the fluid in the 

direction of the wave propagation, this kind of phenomenon 

is termed as peristaltic. It plays an important role in 

transporting many physiological fluids in the body under 

different situations as urine transport from kidney to bladder, 

the movement of chyme in the gastrointestinal tracts, 

transport of spermatozoa in the ductus efferent`s  of the male 

reproductive tract, the movement of ovum in the fallopian 

tube, swallowing of food through esophagus and the 

vasomation of small blood vessels , many modern mechanical 

devices have been designed on the principle of peristaltic 

pumping to transport the fluids without internal moving parts, 

for example the blood pump in the heart-lung machine and 

peristaltic transport of naxious fluid in unclear industry. As a 

result of its existence in various fields such as industry and 

physiology, peristalsis transport of non-Newtonian fluids 

received considerable attention in the past, since many 

analysis have been made for peristaltic mechanism with the 

consideration of both viscous and non-Newtonian fluids 

(see [1-7]). The non-Newtonian fluids deviate from the 

classical Newtonian linear relationship between the shear 

stress and shear rate, due to complex rheological properties it 

is difficult to suggest a single model which exhibits all 

properties of non-Newtonian fluids. Among the many 

suggested models of non-Newtonian fluids, Abd-Alla et al. 

[8] discussed the eff ect of a radial magnetic field on 

peristaltic transport of Jeffrey fluid in cylindrical geometry, 

Abd-Alla et al. [9] discussed the influence of rotation and 

initial stresses on the peristaltic flow of fourth grade fluid in 

an asymmetric channel, The peristaltic flow of nanofluid 

through a porous medium with mixed convection is analyzed 

by Nowar [10], Kothandapani et al.  [11] studied the 

combined eff ects of radiation and magnetic field on 

peristaltic transport of nanofluid, Hayat et al. [12] explore the 

peristaltic flow of Bingham plastic fluid having a variable 

viscosity in asymmetric channel with the Soret and Dufour 

numbers accounted, and Alaa et al. [13] studied the effect of 

a magnetic field on peristaltic transport of Bingham plastic 

fluid in asymmetric channel. In the present study, we 

investigated the peristaltic transport of peristaltic transport of 

Bingham plastic fluid under the effect of a magnetic field, 

Soret and Dufour numbers through porous medium in in a 

symmetric channel and regular perturbation method is used.  

Series solutions for stream function, heat and concentration 

are given. The influence of the physical parameters of the 

problem are discussed and illustrated graphically.  

2. Physical Model and Fundamental Equation: 
The governing equation for the conservation of mass, 

momentum, energy and particles concentration for Bingham 

plastic fluid in a symmetric channel can be written as: 

Equation of mass conservation  
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Equation of particles concentration 
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       Is the laplace operator. 

 Where (                       )denotes the fluid 

density, the electrical conductivity, the specific heat, and the 

thermal conductivity, thermal diffusion ratio, the coefficient 

of mass diffusivity, the mean temperature, and the 

concentration susceptibility respectively. Furthermore T and 

C are temperature and concentration of the material. While 

the velocity and the extra stress tensor of Bingham plastic 

fluid are 
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And  ̅                                      and   is the 

yield stress: 

 ̅        ̅  (      ̅)                                                  (6) 

Now the Cauchy stress tensor denoted by  ̅ such that  

 ̅    ̅ ̅   ̅                                                                         (7)    

Where  ̅ the pressure,   ̅ the identity tensor and  ̅   the extra 

stress tensor for Bingham liquid. 

3. Mathematical Modeling 
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 Consider the peristaltic flow of an incompressible 

electrically conducting Bingham material in a symmetric 

channel having a total width of        (see fig.1). Let us 

consider  ̅ and  ̅axes along and vertical to the flow 

respectively. The velocity components  ̅ and  ̅ ly along  ̅ 

and  ̅ directions respectively. There is no component in   ̅  
direction as shown in Fig. (1). Aspects of Joule heating is 

present. The material is electrically conducting via a 

magnetic field of strength    is applied in transverse 

direction to the flow. The features of thermo-diffusion and 

diffusion-thermo effects are also accounted. For the channel 

wall comprises the convective cooling effects. 

                                             

 
Fig. (1) Geometry of the problem 

Channel waves propagating along the axial direction moving 

with constant speed   are represented by: 
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In which        are the wave amplitudes,   the wavelength 

and   is the phase difference. Here phase difference   lies 

between 0 to  . Moreover      represents the symmetric 

channel with a wave out of phase and     represents wave 

which is in phase. And the following parameters 

              and    are satisfying the relation: 
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The continuity equation can be written as: 
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The  ̅ and  ̅components of an equation of motion are 

respectively given by  
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The energy equation becomes  
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Equation of particles concentration 
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The boundary conditions can be written as: 
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In the fixed frame of reference ( ̅  ̅)  the flow in the channel 

is unsteady.However, it can be treated as steady in a frame 

with coordinate system  ( ̅  ̅) moving with wave speed   

(wave frame). The transformation equations relating the two 

frames are:    
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Introduce the following new dimensionless variables 
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Where   is the pressure, (     ) is the channel walls,   is 

the wave number,    is the Reynolds number,   is the 

Hartman number,     is the Prandtl number,    is the Eckert 

number,    is the Brinkman number,   is the temperature, 

   is the Bingham number,    is the Schmidt number,    is 

the Soret number, and      is the Dufour number. 

Substituting Eq.(18) with equations (10) - (14) . And if 

 (     ) is the stream function then the velocity components 

in terms of stream function are: 
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In view of the lubrication approach method and stream 

function Eq.(19) with Eqs.(10)-(14) we get: 
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The stress component of Bingham plastic fluid which we 

worked on in this paper, which reads as follows: 

     ( ) (
   

   )                                                                 

(24) 

Where     is called Bingham number. And   ( )                                                                      
4. Method of solution:  
From the equations resulting of the motion equation, it 

becomes apparent that P is independent of y. and it is not 

linear. It seems to be impossible to obtain a general solution 

in closed form for an orbitary power series expansion in 

terms of small parameter   (Regular perturbation technique) 

thus the stream function, temperature distribution and 

concentration distribution will be written as: 
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Putting the above quantities (25) into the equations (20), (22) 

and (23), then collecting the terms of like power of    , we 

get the following zeroth and first order systems. 

4.1 Zeroth order systems    

The coefficients of     arrive at 
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Along with the corresponding boundary conditions 
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In which   is the flow rate in a wave frame 

4.2 First order systems     

The coefficients of    arrive  
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Along with the corresponding boundary conditions 
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In which   is the flow rate in a wave frame. 

The solution of the equations (26-28) together with the 

boundary condition and equations (30-32) together with the 

boundary condition are obtained by using a mathematical 

program 

 

5. RESULT AND DISCUSSION: 

In this section we study and discuss the variation of various 

parameters on the behavior of pressure gradient 
  

  
, pressure 

rise per wave length    ,  velocity, temperature, 

concentration  and stream function. 

5.1 Temperature distribution: 

The graphical results for the heat transfer phenomenon are 

discussed in figs. (2)- (14).Fig. (2) shows the influence of 

viscosity parameter   on temperature profile  . It is observed 

that due to convective conditions temperature at the 

boundaries is minimum while it is maximum at the center of 

the channel. Fig (3) shows that increasing Hartman number 

M increases the temperature profile from the begging to the 

end of the channel.  Fig. (4) depicts that the temperature 

profile is an increasing function in relation to the increase of 

  .Fig. (5) shows that the temperature profile is an increasing 

function to in relation the increase of the first Biot number 

and fig. (6) shows that the temperature profile is decreasing 

for large values for the second Biot number. Fig. (7) indicates 

that the temperature profile is an increasing function of   . It 

is witnessed that the viscous dissipation will be greater 

according to the thermal boundary layer thickness. It is 

evident that the temperature is zero when f     . Fig. (8) 

indicates that the temperature profile increase by the 

increasing of the Prandt number since the temperature 

variations in the flow are due to viscous dissipation thus the 

Prandt number being directly related to viscosity support of 

the penetration depth of the temperature. Fig. (9) portrays the 

increasing of the Bingham number     to the maximum of the 

temperature profile from the beginning to the center; and to 

the minimum of  the temperature profile at the end of the 

channel. Fig. (10) and (11) show that the temperature profile 

is an increasing function for the increasing of the wall 

damping coefficient       . Figs. (12) and (13) indicate the 

influence of the Dufore number Du and the Soret number Sr 

effect on the temperature profile. The temperature profile is 

an increasing function according to the increasing of the 

Dufore number and the Soret number. The Soret effect 

become clear when there is sheer temperature gradient thus 

the thermal boundary layer becomes thicker through the 

increasing of the Soret number. Fig. (14) shows that the 

temperature profile increase through the increasing of the 

Schmidt number Sc. Since Sc is directly proportionate to 

viscosity.  
5.2 Concentration distribution: 

Variations to different parameters on the concentration 

profile are portrayed in Figs. (15)- (27). Fig. (15) indicates 

that an increase  of the viscosity parameter   decreases the 

concentration profile. In fact the concentration for constant 

viscosity (   ) is greater than the variable viscosity(  
 ). Fig (16) shows that increasing the Hartman number M  

decreases the concentration profile. Fig. (17) Shows that the 

concentration profile decrease by the increase of   . Figs. 

(18)  and (19) show that the concentration profile is an 

increasing function according to the increase of the first and 

the second Biot number. Figs. (20) and (21) show that an 

increasing of the  Brinkman number and the Prandt number 

respectively decrease the concentration profile but the Prandt 

number is more effective on the concentration profile than 

Brinkman number. Fig. (22) portrays the increasing of the 

Bingham number     to a minimum of  the concentration 

profile from the begining to the center and to a maximum of 

the concentration profile at the end of the channel. Figs. (23) 

and (24) show that  the concentration profile is a decreasing 

function for the increasing of wall damping 

coefficients       . Figs. (25) and (26) show the influence of 

the Dufore number Du and the  Soret number Sr effect on the 

concentration profile respectively. The concentration profile 

is a decreasing function for the increasing of the Dufore 

number and the Soret number. The Dufore number Du effect 

is dominant compared to the Soret number Sr on the 

concentration profile. Fig. (27) shows that the concentration 

profile is a decreasing function if the Schmidt number Sc 

increases.  
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5.3 Behavior of pressure gradient  

The main focus of this section is to describe the behavior of 

pressure gradient 
  

  
 with a variation in parameters. Plots of 

the pressure gradient 
  

  
 versus axial difference x for various 

parameters are shown in figs. (28-34). Fig. (28) shows the 

effect of the phase difference on the  pressure gradient 
  

  
 

where 
  

  
 increases in the lower part of the channel  by the 

increase of a phase difference and inverse behavior on the 

upper part of the channel. Fig.(29) depicts that the viscosity 

effect on the pressure gradient 
  

  
 is such that an increase in 

the viscosity parameter reduces the effect of  pressure 

gradient 
  

  
  on the flow because in the lower and upper parts 

of the channel, pressure gradient 
  

  
 decreases by increasing 

the viscosity, and in the central of the channel it is inversely. 

Thus we conclude that the pressure gradient 
  

  
 in viscous 

fluids is greater than in Bingham plastic fluids. Fig.(30) 

reveals that pressure gradient 
  

  
 is inversely proportional to 

the Hartman number M. Fig.(31) shows that an increase in 

the parameter k leads to an increase in pressure gradient  
  

  
 .  

Fig.(32) shows that pressure gradient 
  

  
 is inversely 

proportional to   . Figs (33) and (34) show the effect of 

changing the wall damping coefficient on pressure gradient 
  

  
 where Fig. (33) in the lower and upper parts of the channel 

decrease by increasing  the first wall damping coefficient. 

Fig.(34) shows that pressure gradient 
  

  
 is inversely 

proportional to the second wall damping coefficient. 

5.4 Velocity distribution: 

   The flowing figures show the behavior of parameters 

involved in the axial velocity u. The variation of velocity for 

different values of                  are illustrated in figs. 

(35-41). It is noticed that the pattern of the velocity profiles 

are parabolic and velocity increases mostly in the central line 

of the channel. Fig.(35) shows the effect of changing the 

phase  difference   on the velocity axial u, the velocity 

increases from the lower part of the channel and marge from 

the central line of the channel to the upper part of the 

channel.  Fig.(36) shows the effect of variations in viscosity 

  on the velocity axial u. At the lower part of the channel, the 

viscosity increases but the velocity decreases. Throughout the 

rest of the channel the velocity increases as the viscosity 

increase. Fig.(37) shows the effect of the  Hartman number 

 . We notice at the lower part of the channel that the velocity 

axial u increase as the Hartman number increases, at the 

central line of the channel the velocity axial u decreases as 

the Hartman number increase, and at the upper part of the 

channel the velocity axial u increases as the Hartman number 

increases.  Fig.(38) shows the effects of     on the velocity 

axial u, where at the lower part of the channel the velocity 

axial u decreases as    increase, at the central line of the 

channel the velocity axial u increases as    increases, and at 

the upper part of the channel the velocity axial u decreases as 

   increase. Fig. (39) shows the effects of    on the velocity 

axial u ,It can easily be noticed that the velocity exhibits 

oscillating behavior if we change the parameter k. Fig.(40) 

shows the effects of the 1
st
 wall damping parameter    on the 

velocity axial u where  we notice at the lower part of the 

channel  that the velocity axial u increases as    increases, at 

the central line of the channel the velocity axial u decreases 

as    increases, and at the upper part of the channel the 

velocity axial u increases as    increases. Fig.(41) shows the 

effects of the 2
nd

  wall damping parameter    on the velocity 

axial u where we notice at the lower part of the channel  that 

the velocity axial u increases as     increases, and marge 

from the central line of the channel  to the rest of the channel. 
5.5 Trapping phenomenon: 

Trapping is an interesting phenomenon in peristalsis. The 

shape of streamlines is similar to the wave shape traveling 

across the channel walls. A phenomenon in which these 

streamlines split and enclose a bolus which moves as a whole 

under certain conditions. Streamlines behavior for different 

sundry parameters is depicted in the following figures. The 

streamlines for different values of phase difference are shown 

in fig.(42). It is observed that the size of bolus decreases as 

the value of   increases. Fig.(43) shows the effect of the 

increase of the Hartman number  on the streamlines. It is 

observed that trapped bolus decreases with the increasing of 

M. Fig.(44) is plotted to see the effects of  viscosity   on the 

streamlines.  

It is observed that trapped bolus increases with the increasing 

of viscosity. Fig.(45) indicates the effect of increasing    on 

streamlines, where the size of the trapped bolus are going to 

increase. Fig.(46) indicates the effect of thermal conductivity 

 . The increasing of    shows no change on the size of 

trapped bolus, where it remains the same. The effect of the 

first wall damping parameter    can be seen in fig.(47). It is 

observed that when we increase    the size of the trapped 

bolus increases. The effect of the second wall damping 

parameter    can be seen in fig.(48). It is observed that when 

we increase    the size of the trapped bolus increase.  
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Fig. (2): effect of    on       

 

 
                

                                            
                          

 
Fig. (3): effect of    on            

 

 
          

                                            
                          

 
Fig. (4): effect of     on            

 

 
         

                                            
                          

 
Fig. (5): effect of      on            

 

 
         

                                           
                          

 

 
Fig. (6): effect of      on            

 

 
         

                                           
                           

Fig. (7): effect of     on            
 

 
         

                                           
                             

Fig. (8): effect of     on            
 

 
         

                                           
                             

 
Fig. (9): effect of     on            
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Fig. (10): effect of     on            

 

 
         

                                            
                          

 
Fig. (11): effect of     on            

 

 
         

                                           
                          

Fig. (12): effect of     on            
 

 
         

                                            
                          

 
Fig. (13): effect of     on            

 

 
         

                                      
                                  

 

 

 

 
Fig. (14): effect of     on            

 

 
         

                                            
                          

 
Fig. (15): effect of    on       

 

 
                

                                            
                          

 
Fig. (16): effect of    on            

 

 
          

                                            
                          

 
Fig. (17): effect of     on            
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Fig. (18): effect of      on            

 

 
         

                                           
                           

 
Fig. (19): effect of      on            

 

 
         

                                           
                           

 
Fig. (20): effect of     on            

 

 
         

                                           
                             

 
Fig. (21): effect of     on            

 

 
         

                                           
                             

 

 

 
Fig. (22): effect of     on            

 

 
         

                                           
                             

 
Fig. (23): effect of     on            

 

 
         

                                            
                          

 
Fig. (24): effect of     on            

 

 
         

                                            
                          

 
Fig. (25): effect of     on            

 

 
         

                                            
                          

Bi1 10

Bi1 15

Bi1 20

1.0 0.5 0.0 0.5 1.0

3

2

1

0

1

y

Bi2 10

Bi2 15

Bi2 20

1.0 0.5 0.0 0.5 1.0

3

2

1

0

1

y

Br 1

Br 2

Br 3

1.0 0.5 0.0 0.5 1.0
5

4

3

2

1

0

1

y

Pr 1

Pr 2

Pr 3

1.0 0.5 0.0 0.5 1.0
5

4

3

2

1

0

1

y

Bn 2

Bn 4

Bn 6

1.0 0.5 0.0 0.5 1.0

4

3

2

1

0

1

y

r1 0.2

r1 0.3

r1 0.4

1.0 0.5 0.0 0.5 1.0

3

2

1

0

1

y

r2 0.1

r2 0.2

r2 0.3

1.0 0.5 0.0 0.5 1.0

3

2

1

0

1

y

Du 0.0

Du 0.3

Du 0.6

1.0 0.5 0.0 0.5 1.0

3

2

1

0

1

y



36 ISSN 1013-5316;CODEN: SINTE 8 Sci.Int.(Lahore),31(1),29-40,2019 

January-February 

 
Fig. (26): effect of     on            

 

 
         

                                            
                          

 
Fig. (27): effect of     on            

 

 
         

                                            
                          

 

Fig. (28): Pressure gradient 
  

  
 versus axial distance x when 

                                         
   

 

Fig. (29): Pressure gradient 
  

  
 versus axial distance x when 

    ⁄                                     
     

 

Fig. (30): Pressure gradient 
  

  
 versus axial distance x when 
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Fig. (31): Pressure gradient 
  

  
 versus axial distance x when 
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Fig. (32): Pressure gradient 
  

  
 versus axial distance x when 

    ⁄                                     
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Fig. (33): Pressure gradient 
  

  
 versus axial distance x when 

    ⁄                                    
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Fig. (34): Pressure gradient 
  

  
 versus axial distance x when 

    ⁄                                     
  

 
Fig. (35): effects of    on   when               

                              

 
Fig. (36): effects of   on   when     ⁄          

                               

 
Fig.(37): effects of    on   when     ⁄          

                               
 

 

 

 

 

 

 

 

 

 
Fig. (38): effects of     on   when     ⁄          

                             

 
 

Fig. (39): effects of    on   when     ⁄          
                              

 
Fig. (40): effects of     on   when     ⁄          

                             

 
 

Fig. (41): effects of     on   when     ⁄          
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Fig.(42): effect of phase difference 

 
Fig.(43): effect of Hartman number 

 
Fig.(44): effect of viscosity (               ) 

 
Fig.(45): effect of                      
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Fig.(46): effect of             

 
Fig.(47): effect of wall damping parameter    

 
Fig.(48): effect of wall damping parameter    

 
 
6. CONCLUDING REMARK: 
The present study deals with the combined effects of a 

magnetic field on peristaltic transport of Bingham plastic 

fluid. 

1- The pressure gradient 
  

  
 increases in magnitude 

with an increase of thermal conductivity (k) and 

decreases with an increase of the Hartman number 

M,   , and the second wall damping coefficient , in 

companion  the impact of the other partient 

parameters is oscillatory or wobbling. 

2- The pressure rise per wave length against   

increases in the pumping with an increase in thermal 

conductivity. 

3-  The pressure rise per wave length against   

decreases in the pumping with an increase in 

viscosity ( ) and the Hartman number M. 

4- The pressure rise per wave length against   

increases in the pumping     and decreases in the 

pumping     with an increase in phase 

difference  . 

5- The pressure rise per wave length against   decrease 

in the pumping     and it is conversely in the 

pumping     with an increase of       . 

6- The relationship between    and mean flow rate   is 

linear with an increase of k. 

7- The relationship between    and mean flow rate   is 

nonlinear with an increase of M. 

8- At the central region of the channel the axial 

velocity increases with an increase of           

and decreases with an increase of    . 

9- The axial velocity rise up at the upper wall with an 

increase of   and is conversely at the lower wall. 

10- The axial velocity is oscillating with an increase of 

           
11- The profiles of velocity are parabolic. 

12- The size of trapped bolus increases with an increase 

of           , and decreases with an increase 

of    .    

13- The size and the number of trapped bolus increase 

with an increase of           , and decrease with 

an increase of    .   

14- There are some points of deviation that change the 

flow of the fluid and its temperature can be change 
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with an increase of   by clear way at the lower wall 

of the channel. 

15- The temperature profile increases with an increase of 

the following parameters 

                              and decreases 

with an increase of   . 

16-  Temperature profiles increase with an increase of  

   at the beginning of the channel and decrease at 

the end of the channel.  

17- The profiles of temperature and concentration 

distribution are parabolic in all figures. 

18- The concentration distribution decreases with an 

increase of      . Opposite behavior for 

concentration distribution is noted when compared 

with temperature. 

19- The concentration decreases with an increase 

of                       

         . It follows that the concentration is a 

decreasing function. 
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